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MODIFIED HCV PEPTIDE VACCINES 



BACKGROUND OF THE INVENTION 
5 FIELD OF THE INVENTION 

The present invention relates to the field of viral vaccines. In particular, the 
present invention relates to modification of immunogenic epitopes of the hepatitis C 
virus (HCV) core protein to elicit an enhanced immune response against HCV. 
BACKGROUND ART 

10 Hepatitis C virus (HCV) is a single stranded RNA virus responsible for the 

majority of non-A non-B hepatitis (1). Infection by HCV frequently evolves to 
chronicity and in many cases leads to liver cirrhosis and hepatocellular carcinoma (2). 
The cellular immune response is thought to be responsible for viral clearance in many 
viral infections (3-7) and in the case of HCV, a cytotoxic T lymphocyte (CTL) response 

15 is present in acutely and chronically infected patients (8-14), but its role in viral 
. clearance has not been elucidated. CTL responses have been detected in peripheral 
blood mononuclear cells (PBMC) and in intrahepatic lymphocytic infiltrate in patients 
with chronic hepatitis (15) and in the liver of infected chimpanzees (16), indicating that 
in these cases the virus is able to persist despite this immune response (17). The reasons 

20 for the inadequacy of this immune response in chronically infected patients are not 
known (18). 

CD8 + CTL recognize antigens as peptides presented by class I molecules of the 
major histocompatibility complex (MHC) on the cell surface. These peptides are 
usually 8-10 amino acids long and are generated after processing of intracellular 

25 antigens (3,19-21). Analysis of peptides presented by MHC class I molecules has led to 
the definition of several sequence patterns or motifs (22-24) for peptides that bind to 
each particular MHC allele or group of alleles (supermotif) (25). These motifs are based 
on the presence in precise positions in the peptide sequence of several amino acids 
(agretopic residues) called anchor residues (22,26), responsible for interactions between 

30 peptide and MHC molecule, as well as other secondary positions that may help in 

1 
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stabilizing these interactions (27-29). The use of these motifs to identify peptides able 
to bind to MHC molecules, together with the development of MHC-peptide binding 
assays, has led to the characterization of many CTL epitopes in the HCV polypeptide 
presented by different MHC molecules (9,10,12,30). Among the best studied motifs is 
5 that of HLA-A2. 1 , which is prevalent in a high percentage of the population (31). 

Several reports describe the binding motif for this allele, pointing out the importance of 
anchor as well as secondary residues. Also, MHC binding has been correlated with 
immunogenicity in different mouse and human systems (30,32-37). 

Despite the presence of the typical anchor residues, the binding capability of a 

10 peptide epitope may vaiy, depending on the other secondary residues. Thus, the 
presence of certain amino acids in secondary positions may enhance or impair a 
peptide=s binding ability (28,38,39). Other amino acids (epitopic residues) are 
responsible for recognition by the T cell receptor (TCR). Thus, T cell response is 
triggered by interactions in the trimolecular complex: MHC-antigenic peptide-TCR, 

15 together with other co-stimulatory molecules (40,41). These interactions occur between 
the antigenic peptide and pockets in the structure of both MHC and TCR molecules and 
changes in the amino acid sequence of thepeptide may affect any of these interfaces. 

Because of the inadequacy of the immune response in HCV-infected 
individuals, there exists a great need to enhance the immune response to HCV 

20 immunogenic epitopes without impairing MHC binding affinity or T cell recognition. 
The present invention overcomes the previous limitations and shortcomings in the art 
by providing immunogenic peptides of HCV core protein which elicit an enhanced 
immune response, methods for making these peptides and methods for using these 
peptides for a variety of therapeutic, diagnostic and prognostic applications. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 A and IB. Binding of C7A2 Alanine (A) and non-Alanine (B)- 
substituted peptides to TAP-deficient HLA-A2.1. T2 cells were incubated overnight in 
a 96 well plate in CTM with 10 Og/ml human (32-microglobulin and different peptide 
concentrations. The next day, cells were washed and HLA-A2.1 expression was 

30 assessed by flow cytometry using the anti HLA-A2 BB7.2 monoclonal antibody and 
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FITC labeled goat anti mouse Ig. Results are expressed as fluorescence index (FI), 
calculated according to the formula: (mean fluorescence with peptide - mean 
fluorescence without peptide)/ mean fluorescence without peptide. Background 
fluorescence without BB7.2 was subtracted for each individual value. FI0.5 represents 
those peptide concentrations that increase HLA-A2. 1 expression by 50 % over the no 
peptide control and were calculated from the titration curves for each particular peptide. 

Figs. 2A and 2B. Recognition of C7A2 Alanine (A) and non- Alanine (B)- 
substituted peptides by human CTL line ViT2, which is specific for C7A2 peptide 
presented by HLA-A2.1. C1R.A2.1 target cells were incubated for 2 h with 51 Cr 5 
washed three times and plated at 3000 cells per well in 96 well round bottom plates 
with different peptide concentrations. After 2 h, effector cells were added (E/T ratio: 
5/1) and the plates were incubated for 4 h. 

Figs. 3 A-D. Recognition of C7A2 Alanine (A,C) and non- Alanine (B,D)- 
substituted peptides by transgenic AAD mouse CTL lines AAD. 10 (A,B) and AAD. 1 
(C,D) after 10-12 in vitro stimulations. C1R.AAD target cells were incubated for 2 li 
with 51 Cr, washed three times and plated at 3000 cells per well in 96 well round bottom 
plates with different peptide concentrations. After 2 h, effector cells were added (E/T 
ratio: 10/1) and the plates were incubated for 4 h. 

Fig. 4. Immunogenicity of C7A2-substituted peptides in AAD transgenic mice. 
Mice were immunized with 50 nmol CTL epitope plus 50 nmol HBVc 128-140 helper 
epitope and GM-CSF and IL-12 in IF A. Two weeks later, mice were boosted and 10-14 
days after the boost, spleen cells were removed and stimulated in vitro with the CTL 
epitope. After one week of in vitro stimulation, a CTL assay was performed with target 
cells (AAD Con A blasts) incubated with or without 10 <DM CTL peptide. CTL from 
each group were tested only with the peptide used to immunize those mice. Only results 
for peptide-pulsed target cells are shown. In all cases, percentage of specific lysis 
against peptide-unpulsed target cells was below 5%. 

Figs 5A and 5B. Induction of CTL immune response against C7A2-WT in AAD 
transgenic mice using different C7A2 peptide variants. Mice were immunized with 50 
or 15 nmol CTL epitope C7A2-WT (A) or 8 A (B) plus 50 nmol HBVc 128-140 helper 
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epitope and GM-CSF and EL- 12 in IF A. Two weeks later, mice were boosted under the 
same conditions and 10-14 days after the boost, spleen cells were removed and 
stimulated in vitro with 10 OM CTL peptide-pulsed spleen cells. After two weeks of in 
vitro stimulation, a CTL assay was performed with target cells (AAD Con A blasts) 
5 incubated with or without 10 OM peptide. The numbers 50.1 and 50.2, and 15.1 and 
15.2 designate different mice immunized with 50 or 15 nmol CTL epitope respectively. 
(E/T ratio in the assay: 90/1). 

Fig. 6. Induction of CTL immune response against C7A2-WT in A2Kb 
transgenic mice using different C7A2 peptide variants. Mice were immunized with 50 

10 nmol CTL epitope C7A2-WT or 8A plus 50 nmol HBVc 128-140 helper epitope in 
EFA. Two weeks later, mice were boosted under the same conditions and 10-14 days 
after the boost, spleen cells were removed and stimulated in vitro with 10 <E>M CTL 
peptide-pulsed spleen cells. After two weeks of in vitro stimulation, a CTL assay was 
performed with target cells (A2Kb Con A blasts) incubated with or without 10 OM 

1 5 peptide. WT. 1 and WT.2, and 8 A. 1 and 8 A.2 designate different mice immunized with 
C7A2-WT and 8 A CTL epitope respectively. (E/T ratio in the assay: 120/1 for WT. 1 
and WT.2; 70/1 for 8A.1 and 8 A.2). 

Fig. 7. Avidity of short term CTL lines induced with C7A2-WT and C7A2-8A. 
AAD transgenic mice were immunized as described herein with 50 nmol CTL epitope 

20 C7A2-WT (solid lines) or C7A2-8A (dotted lines) plus 50 nmol HBVc 128-140 helper 
epitope and GM-CSF and IL-12 in IF A. Two weeks later, mice were boosted under the 
same conditions and 10-14 days after the boost, spleen cells were removed and 
stimulated in vitro with 10 <£M CTL peptide-pulsed spleen cells. After 3-4 in vitro 
stimulation cycles, a CTL assay was performed with target cells (C1R.AAD) incubated 

25 with different peptide concentrations as indicated (circles, targets with C7A2-WT 
peptide; squares, targets with C7A2-8A peptide), at an E: T ratio of 10: 1. 

Figs 8A and 8B. Recognition of C7A2-derived peptides from different HCV 
genotypes by CTL induced following immunization with peptide 8A. AAD (A) and 
A2Kb (B) transgenic mice were immunized with 50 nmol CTL epitope 8A plus 50 

30 nmol HBVc 128-140 helper epitope in IF A. Two weeks later, mice were boosted under 
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the same conditions and 10-14 days after the boost, spleen cells were removed and 
stimulated in vitro with 10 <I>M CTL peptide-pulsed spleen cells. After two weeks of in 
vitro stimulation, a CTL assay was performed with target cells (Con A blasts) incubated 
with the different peptides at 10 OM. C7A2-WT has a sequence from HCV genotypes 
5 la, lb and 3a, whereas peptide C7A2-8V has a sequence from genotypes 2a and 2b. 

Fig 9. Comparison of CTL activity at four weeks between AC7 30 jag and AC7- 
8A 30 |ig immunization to AAD mice. Target (T) = 3000. 

SUMMARY OF THE INVENTION 
The present invention provides 1) an isolated peptide having the amino acid 

10 sequence DLMGYIPAV, (SEQ ID NO: 1); 2) an isolated HCV core polypeptide 

comprising an L6A substitution at amino acid position 139; 3) an isolated HCV core 
polypeptide having the amino acid sequence of SEQ ID NO: 2; and 4) a fragment of an 
HCV core polypeptide having fewer amino acids than the entire HCV core polypeptide 
and comprising the amino acid sequence of SEQ ED NO: 1 . Also provided are nucleic 

15 acids which encode the peptides and polypeptides of this invention and vectors 

comprising the nucleic acids of this invention; These compositions can : be present in a 
pharmaceutically acceptable carrier, which can also include a suitable adjuvant. 

In addition, the present invention provides a method of producing an HCV core 
peptide having enhanced immunogenicity, comprising substituting one or more amino 

20 acids of the peptide having the amino acid sequence DLMGYIPLV (SEQ ID NO: 3) and 
detecting enhanced immunogenicity of the substituted peptide as compared to the 
immunogenicity of a control peptide having the amino acid sequence of DLMGYIPLV 
(SEQ ED NO:3), whereby a substituted peptide having greater immunogenicity than the 
control peptide is a HCV core peptide having enhanced immunogenicity. 

25 The present invention further provides methods of producing an immune 

response in a subject and treating or preventing HCV infection in a subject comprising 
administering to the subject, or to a cell of the subject, any of the compositions of this 
invention. 

The present invention also provides a method of activating cytotoxic T 
30 lymphocytes, comprising contacting the lymphocytes with any of the peptides or 
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polypeptides of this invention in the presence of a class I major histocompatibility 
complex molecule and also provides a composition comprising cytotoxic T 
lymphocytes activated by contact with the peptides or polypeptides of this invention in 
the presence of a class I major histocompatibility complex molecule. 
5 Also provided are methods of detecting the presence of HCV core polypeptide 

in a cell comprising contacting the cell with the activated cytotoxic T lymphocytes of 
this invention under conditions whereby cytolysis of target cells can occur or cytokine 
production of the lymphocytes can occur and detecting cytolysis of target cells or 
cytokine production of the lymphocytes, whereby the detection of cytolysis of target 

10 cells or cytokine production of the lymphocytes indicates the presence of HCV core 
polypeptide in the cell. 

In addition, the present invention provides a method of detecting hepatitis C 
virus in a sample comprising: a) contacting the sample with a cell which is susceptible 
to infection by hepatitis C virus under conditions whereby the cell can be infected by 

15 hepatitis C virus in the sample; b) contacting the cell of step (a) with the cytolytic T 
lymphocytes of this invention under conditions whereby cytolysis of target cells or 
cytokine production of the lymphocytes can occur; and c) detecting cytolysis of target 
cells or cytokine production of the lymphocytes, whereby the detection of cytolysis of 
target cells or cytokine production of the lymphocytes indicates the presence of 

20 hepatitis C virus in the sample. 

The present invention further provides a method of diagnosing HCV infection in 
a subject comprising contacting cytotoxic T lymphocytes of the subject with the 
peptides or polypeptides of this invention in the presence of a class I major 
histocompatibility complex molecule under conditions whereby cytolysis of target cells 

25 or cytokine production of the lymphocytes can occur and detecting cytolysis of target 
cells or cytokine production of the lymphocytes, whereby the detection of cytolysis of 
target cells or cytokine production of the lymphocytes indicates a diagnosis of HCV 
infection in the subject. 

Further provided are methods of determining a viral load of HCV in a subject 

30 comprising a) serially diluting a biological sample from the subject which contains 
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hepatitis C virus; b) contacting each serially diluted sample with a cell which is 
susceptible to infection by hepatitis C virus under conditions whereby the cell can be 
infected by hepatitis C virus in the sample; c) contacting the cell of step (b) with the 
activated cytolytic T lymphocytes of this invention under conditions whereby cytolysis 
5 of target cells or cytokine production in the lymphocytes can occur; measuring the 
amount of cytolysis of target cells or cytokine production in the lymphocytes; 
comparing the amount of cytolysis of target cells or cytokine production in the 
lymphocytes with the amount of cytolysis of target cells or cytokine production by 
activated cytotoxic T lymphocytes contacted with cells infected with serially diluted 
10 control samples containing a known amount of hepatitis C virus; and determining the 
viral load of hepatitis C virus in the subject from the comparison with the samples of 
known amount. 

Finally, the present invention provides a method of determining the prognosis of 
a subject diagnosed with hepatitis C virus infection, comprising determining a viral 
15 load for the subject according to the methods of this invention, whereby a high viral 
, load indicates a poor prognosis and a low viral load indicates a good prognosis. 

Various other objectives and advantages of the present invention will become 
apparent from the following detailed description. 

DETAILED DESCRIPTION OF THE INVENTION 
20 As used herein, "a" or u an" may mean one or more. For example, u a" cell 

may mean one cell or more than one cell. 

The present invention is based on the unexpected and surprising discovery, 
through the process of epitope enhancement, of an HC V core peptide having the amino 
acid sequence DLMGYIPAV (SEQ ID NO: 1), that has enhanced HLA-A2 binding 
25 affinity and CTL recognition in vitro and enhanced immunogenicity in vivo when 

compared to the naturally occurring peptide DLMGYIPLV (SEQ ID NO:3) at positions 
132-140 in the HCV core polypeptide. Thus, the present invention provides an isolated 
peptide having the amino acid sequence of SEQ ID NO: 1 . 

The present invention also provides an isolated HCV core polypeptide 
30 comprising an L6A substitution at amino acid position 139. Thus, the HCV core 
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polypeptide of this invention can have the amino acid sequence of any of the variants of 
HCV now known or identified in the future and further comprise an L6 A substitution at 
amino acid position 139 (see, e.g., ref. 87). Furthermore, the present invention provides 
an isolated HCV core polypeptide having the amino acid sequence of SEQ ID NO: 2. 
5 Further, the present invention provides a polypeptide fragment of the HCV core 

polypeptide, having fewer amino acids than the HCV core polypeptide and comprising 
the amino acid sequence of SEQ ID NO: 1 . Thus, the polypeptide fragment of this 
invention can comprise a sufficient number of contiguous amino acids to be identified 
as a polypeptide fragment of the HCV core polypeptide and including the amino acid 

10 sequence of SEQ ID NO: 1, yet does not contain all of the amino acids of the HCV core 
polypeptide. For example, the entire HCV core polypeptide (SEQ ID NO:4) has 191 
amino acids. Thus, the polypeptide fragment of this invention can have any number of 
amino acids fewer than 191 amino acids (e.g., 191-1, 191-5, 191-10, 191-50, 191-100, 
191-130, 191-180 etc.) and having at least three amino acids which are contiguous 

1 5 amino acids of the HCV core polypeptide and would be recognized by one of ordinary 
, skill in the art as contiguous amino acids of the HCV , core polypeptide according to 
standard methods for identifying polypeptides and would also include the amino acid 
sequence of SEQ ID NO: 1 . The amino acid sequence of SEQ ID NO: 1 can be present 
in the polypeptide fragment of this invention once or multiple times and can be at any 

20 position (e.g., N terminal, C terminal, internal) relative to the other amino acid 
sequence of the fragment. 

" Isolated" as used herein means the peptide or polypeptide of this invention is 
sufficiently free of contaminants or cell components with which peptides or 
polypeptides normally occur and is present in such concentration as to be the only 

25 significant peptide or polypeptide present in the sample. w Isolated" does not mean that 
the preparation is technically pure (homogeneous), but it is sufficiently pure to provide 
the peptide or polypeptide in a form in which it can be used therapeutically. 

"Epitope" as used herein means a specific amino acid sequence of limited 
length which, when present in the proper conformation, provides a reactive site for an 



8 
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antibody or T cell receptor. The identification of epitopes on antigens can be carried 
out by immunology protocols that are standard in the art (79). 

Also as used herein, the terms peptide and polypeptide are used to describe a 
chain of amino acids which correspond to those encoded by a nucleic acid. A peptide 
5 usually describes a chain of amino acids of from two to about 30 amino acids and 

polypeptide usually describes a chain of amino acids having more than about 30 amino 
acids. The term polypeptide can refer to a linear chain of amino acids or it can refer to 
a chain of amino acids which have been processed and folded into a functional protein. 
It is understood, however, that 30 is an arbitrary number with regard to distinguishing 

10 peptides and polypeptides and the terms may be used interchangeably for a chain of 
amino acids around 30. The peptides and polypeptides of the present invention are 
obtained by isolation and purification of the peptides and polypeptides from cells where 
they are produced naturally or by expression of exogenous nucleic acid encoding the 
peptide or polypeptide. The peptides and polypeptides of this invention can be obtained 

15 by chemical synthesis, by proteolytic cleavage of a polypeptide and/or by synthesis 
from nucleic acid encoding the peptide or polypeptide. 

The main discovery of this invention is a peptide or polypeptide having amino 
acid substitutions which enhance immunogenicity. Such substitutions can be made in 
the peptides and polypeptides of this invention by methods standard in the art and as set 

20 forth herein and enhanced immunogenicity can be determined according to the methods 
provided in the Examples herein. It is also understood that the peptides and 
polypeptides of this invention may also contain conservative substitutions where a 
naturally occurring amino acid is replaced by one having similar properties and which 
does not alter the function of the polypeptide. Such conservative substitutions are well 

25 known in the art. Thus, it is understood that, where desired, modifications and changes, 
which are distinct from the substitutions which enhance immunogenicity, may be made 
in the nucleic acid and/or amino acid sequence of the peptides and polypeptides of the 
present invention and still obtain a peptide or polypeptide having like or otherwise 
desirable characteristics. Such changes may occur in natural isolates or may be 
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synthetically introduced using site-specific mutagenesis, the procedures for which, such 
as mis-match polymerase chain reaction (PCR), are well known in the art. 

Moreover, the present invention provides isolated nucleic acids encoding each 
of the following: 1) the peptide having the amino acid sequence of SEQ ED NO:l; 2) 
the HCV core polypeptide having the amino acid sequence of SEQ ID NO:2; 3) the 
HCV core polypeptide comprising an L6A substitution at amino acid position 139; and 
4) a fragment of the HCV core polypeptide having fewer amino acids than the entire 
HCV core polypeptide and comprising the peptide having the amino acid sequence of 
SEQ ID NO: 1. 

"Nucleic acid" as used herein refers to single- or double-stranded molecules 
which may be DNA, comprised of the nucleotide bases A, T, C and G, or RNA, 
comprised of the bases A, U (substitutes for T) , C, and G. The nucleic acid may 
represent a coding strand or its complement. Nucleic acids may be identical in 
sequence to the sequence which is naturally occurring or may include alternative 
codons which encode the same amino acid as that which is found in the naturally 
occurring sequence. Furthermore, nucleic acids may include codons which represent , 
conservative substitutions of amino acids as are well known in the art. 

As used herein, the term "isolated nucleic acid 1 * means a nucleic acid separated 
or substantially free from at least some of the other components of the naturally 
occurring organism, for example, the cell structural components commonly found 
associated with nucleic acids in a cellular environment and/or other nucleic acids. The 
isolation of nucleic acids can therefore be accomplished by techniques such as cell lysis 
followed by phenol plus chloroform extraction, followed by ethanol precipitation of the 
nucleic acids (80). The nucleic acids of this invention can be isolated from cells 
according to methods well known in the art for isolating nucleic acids. Alternatively, 
the nucleic acids of the present invention can be synthesized according to standard 
protocols well described in the literature for synthesizing nucleic acids. Modifications 
to the nucleic acids of the invention are also contemplated, provided that the essential 
structure and function of the peptide or polypeptide encoded by the nucleic acid are 
maintained. 

10 
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The nucleic acid encoding the peptide or polypeptide of this invention can be 
part of a recombinant nucleic acid construct comprising any combination of restriction 
sites and/or functional elements as are well known in the art which facilitate molecular 
cloning and other recombinant DNA manipulations. Thus, the present invention further 
provides a recombinant nucleic acid construct comprising a nucleic acid encoding a 
peptide and/or polypeptide of this invention. 

The present invention further provides a vector comprising a nucleic acid 
encoding a peptide and/or polypeptide of this invention. The vector can be an 
expression vector which contains all of the genetic components required for expression 
of the nucleic acid in cells into which the vector has been introduced, as are well known 
in the art. The expression vector can be a commercial expression vector or it can be 
constructed in the laboratory according to standard molecular biology protocols. The 
expression vector can comprise viral nucleic acid including, but not limited to, vaccinia 
virus, adenovirus, retrovirus and/or adeno-associated virus nucleic acid. The nucleic 
acid or vector of this invention can also be in a liposome or a delivery vehicle which 
can be taken up by a:cell via receptor-mediated or other type of endocytosis. 

The nucleic acid of this invention can be in a cell, which can be a cell 
expressing the nucleic acid whereby a peptide and/or polypeptide of this invention is 
produced in the cell. In addition, the vector of this invention can be in a cell, which can 
be a cell expressing the nucleic acid of the vector whereby a peptide and/or polypeptide 
of this invention is produced in the cell. It is also contemplated that the nucleic acids 
and/or vectors of this invention can be present in a host animal (e.g., a transgenic 
animal) which expresses the nucleic acids of this invention and produces the peptides 
and/or polypeptides of this invention. 

The nucleic acid encoding the peptides and polypeptides of this invention can be 
any nucleic acid that functionally encodes the peptides and polypeptides of this 
invention. To functionally encode the peptides and polypeptides (i.e., allow the nucleic 
acids to be expressed), the nucleic acid of this invention can include, for example, 
expression control sequences, such as an origin of replication, a promoter, an enhancer 
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and necessary information processing sites, such as ribosome binding sites, RNA splice 
sites, polyadenylation sites and transcriptional terminator sequences. 

Preferred expression control sequences are promoters derived from 
metallothionine genes, actin genes, immunoglobulin genes, CMV, SV40, adenovirus, 
5 bovine papilloma virus, etc. A nucleic acid encoding a selected peptide or polypeptide 
can readily be determined based upon the genetic code for the amino acid sequence of 
the selected peptide or polypeptide and many nucleic acids will encode any selected 
peptide or polypeptide. Modifications in the nucleic acid sequence encoding the 
peptide or polypeptide are also contemplated. Modifications that can be useful are 

10 modifications to the sequences controlling expression of the peptide or polypeptide to 
make production of the peptide or polypeptide inducible or repressible as controlled by 
the appropriate inducer or repressor. Such methods are standard in the art (81). The 
nucleic acid of this invention can be generated by means standard in the art, such as by 
recombinant nucleic acid techniques and by synthetic nucleic acid synthesis or in vitro 

15 enzymatic synthesis. 

The present invention further provides a method of producing an HCV core 
peptide having enhanced immunogenicity, comprising substituting one or more amino 
acids of the peptide having amino acid sequence DLMGYIPLV (SEQ ED NO: 3) and 
detecting enhanced immunogenicity of the substituted peptide as compared to the 

20 immunogenicity of a control peptide having the amino acid sequence of DLMGYIPLV 
(SEQ ID NO:3), whereby a substituted peptide having greater immunogenicity than the 
control peptide is an HCV core peptide having enhanced immunogenicity. 
Immunogenicity of the substituted and control peptide is determined according to the 
methods set forth in the Examples provided herein. The production of the peptide 

25 having the amino acid sequence of SEQ ID NO:3 and the substituted peptides of this 
invention can be carried out according to methods standard in the art for peptide 
synthesis. Alternatively, a nucleic acid encoding the amino acid sequence of SEQ ID 
NO:3 or encoding a substituted peptide of interest can be synthesized according to 
standard nucleic acid synthesis protocols and the nucleic acid can be expressed 

30 according to methods well known for expression of nucleic acid. The resulting peptide 

12 
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can then be removed from the expression system by standard isolation and purification 
procedures and tested for immunogenicity as taught herein. 

On the basis of the discovery of this invention, substitution of an amino acid or 
amino acids of the peptide DLMGYEPLV (SEQ ID NO: 3) to produce a peptide of this 
5 invention having enhanced immunogenicity as determined by the methods of this 

invention, can be carried out by a systematic approach comprising replacement of each 
of the amino acids in the peptide sequentially, starting from the amino terminus of the 
peptide. Peptides having a single amino acid substitution which show enhanced 
immunogenicity by the methods described herein can be identified and a second amino 

10 acid substitution can be introduced into the amino acid sequence of the singly- 
substituted peptide sequentially, starting from the amino terminus of the singly- 
substituted peptide. These doubly-substituted peptides can then be tested for enhanced 
immunogenicity and those which show such enhancement can have further amino acid 
substitutions made by the systematic, sequential method described herein. Thus, any 

15 combination of substitutions can be tested for enhanced immunogenicity in a systematic 
manner. = 

The present invention also provides a method for producing the peptides and 
polypeptides of this invention comprising producing the cells of this invention which 
contain the nucleic acids or vectors of this invention as exogenous nucleic acid; 

20 culturing the cells under conditions whereby the exogenous nucleic acid in the cell can 
be expressed and the encoded peptide and/or polypeptide can be produced; and 
isolating the peptide and/or polypeptide from the cell. Thus, it is contemplated that the 
peptides and polypeptides of this invention can be produced in quantity in vitro in either 
prokaryotic or eukaryotic expression systems as are well known in the art. 

25 For expression in a prokaryotic system, there are numerous E. coli {Escherichia 

coli) expression vectors known to one of ordinary skill in the art useful for the 
expression of nucleic acid which encodes peptides or polypeptides. Other microbial 
hosts suitable for use include bacilli, such as Bacillus subtilis, and other enterobacteria, 
such as Salmonella, Serratia, as well as various Pseudomonas species. These 

30 prokaryotic hosts can support expression vectors which will typically contain 
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expression control sequences compatible with the host cell (e.g., an origin of 
replication). In addition, any number of a variety of well-known promoters will be 
present, such as the lactose promoter system, a tryptophan (Trp) promoter system, a 
beta-lactamase promoter system, or a promoter system from phage lambda. The 
5 promoters will typically control expression, optionally with an operator sequence and 
have ribosome binding site sequences for example, for initiating and completing 
transcription and translation. If necessary, an amino terminal methionine can be 
provided by insertion of a Met codon 5 ! and in-frame with the polypeptide. Also, the 
carboxy-terminal extension of the polypeptide can be removed using standard 

10 oligonucleotide mutagenesis procedures. 

The nucleic acid sequences can be expressed in hosts after the sequences have 
been positioned to ensure the functioning of an expression control sequence. These 
expression vectors are typically replicable in the host organisms either as episomes or 
as an integral part of the host chromosomal DNA. Commonly, expression vectors can 

15 contain selection markers, e.g., tetracycline resistance or hygromycin resistance, to 
permit detection and/or selection of those cells transformed with the desired nucleic 
acid sequences (82). 

For eukaryotic system expression, a yeast expression system can be used. There 
are several advantages to yeast expression systems. First, evidence exists that 

20 polypeptides produced in a yeast expression system exhibit correct disulfide pairing. 
Second, post-translational glycosylation is efficiently carried out by yeast expression 
systems. The Saccharomyces cerevisiae pre-pro-alpha- factor leader region (encoded by 
the MFa-1 gene) is routinely used to direct protein secretion from yeast (83). The 
leader region of pre-pro-alpha-factor contains a signal peptide and a pro-segment which 

25 includes a recognition sequence for a yeast protease encoded by the KEX2 gene. This 
enzyme cleaves the precursor protein on the carboxyl side of a Lys-Arg dipeptide 
cleavage-signal sequence. The polypeptide coding sequence can be fused in-frame to 
the pre-pro-alpha-factor leader region. This construct is then put under the control of a 
strong transcription promoter, such as the alcohol dehydrogenase I promoter or a 

30 glycolytic promoter. The coding sequence is followed by a translation termination 
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codon, which is followed by transcription termination signals. Alternatively, the coding 
sequence of interest can be fused to a second polypeptide coding sequence, such as Sj26 
or P-galactosidase, used to facilitate purification of the resulting fusion polypeptide by 
affinity chromatography. The insertion of protease cleavage sites to separate the 
5 components of the fusion polypeptide is applicable to constructs used for expression in 
yeast. 

Efficient post-translational glycosylation and expression of recombinant 
polypeptides can also be achieved in Baculovims systems in insect cells, as are well 
known in the art. 

10 The peptides and polypeptides of this invention can also be expressed in 

mammalian cells. Mammalian cells permit the expression of peptides and polypeptides 
in an environment that favors important post-translational modifications such as folding 
and cysteine pairing, addition of complex carbohydrate structures and secretion of 
active protein. Vectors useful for the expression of peptides and polypeptides in 

1 5 mammalian cells are characterized by insertion of the coding sequence between a strong 
viral promoter and a polyadenylation signal. The vectors can contain genes conferring 
either gentamicin or methotrexate resistance for use as selectable markers. For 
example, the coding sequence can be introduced into a Chinese hamster ovary (CHO) 
cell line using a methotrexate resistance-encoding vector. Presence of the vector RNA 

20 in transformed cells can be confirmed by Northern blot analysis and production of a 
cDNA or opposite strand RNA corresponding to the peptide or polypeptide coding 
sequence can be confirmed by Southern and Northern blot analysis, respectively. A 
number of other suitable host cell lines capable of producing exogenous peptides and 
polypeptides have been developed in the art and include the CHO cell lines, HeLa cells, 

25 myeloma cell lines, Jurkat cells and the like. Expression vectors for these cells can 
include expression control sequences, as described above. 

The nucleic acids and/or vectors of this invention can be transferred into the 
host cell by well-known methods, which vary depending on the type of cell host. For 
example, calcium chloride transfection is commonly utilized for prokaryotic cells, 
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whereas calcium phosphate treatment or electroporation may be used for other cell 
hosts. 

The peptides, polypeptides, nucleic acids, vectors and cells of this invention can 
be present in a pharmaceutically acceptable carrier. Thus, the present invention 
provides a composition comprising 1) a peptide having the amino acid sequence of 
SEQ ED NO: 1; 2) an HCV core polypeptide comprising an L6A substitution at amino 
acid position 139; 3) an HCV core polypeptide having the amino acid sequence of SEQ 
ID NO:2; 4) a fragment of an HCV core polypeptide having fewer amino acids than the 
entire HCV core polypeptide and comprising the amino acid sequence of SEQ ID 
NO:l; 5) a nucleic acid encoding any of the peptides or polypeptides of this invention; 
6) a vector comprising any of the nucleic acids of this invention; and/or 7) a cell 
comprising any of the nucleic acids and/or vectors of this invention, in a 
pharmaceutically acceptable carrier. By "pharmaceutically acceptable" is meant a 
material that is not biologically or otherwise undesirable, i.e., the material may be 
administered to an individual along with the selected peptide, polypeptide, nucleic acid, 
vector or cell without causing substantial deleterious biological effects or interacting in 
a deleterious manner with any of the other components of the composition in which it is 
contained. 

Furthermore, any of the compositions of this invention can comprise a 
pharmaceutically acceptable carrier and a suitable adjuvant. As used herein, "suitable 
adjuvant" describes an adjuvant capable of being combined with the peptide or 
polypeptide of this invention to further enhance an immune response without 
deleterious effect on the subject or the cell of the subject. A suitable adjuvant can be, 
but is not limited to, MONTANIDE ISA51 (Seppic, Inc., Fairfield, NJ), SYNTEX 
adjuvant formulation 1 (SAF-1), composed of 5 percent (wt/vol) squalene (DASF, 
Parsippany, N.J.), 2.5 percent Pluronic, L121 polymer (Aldrich Chemical, Milwaukee), 
and 0.2 percent polysorbate (Tween 80, Sigma) in phosphate-buffered saline. Other 
suitable adjuvants are well known in the art and include QS-21, Freund's adjuvant 
(complete and incomplete), alum, aluminum phosphate, aluminum hydroxide, N-acetyl- 
muramyl-L-threonyl-D-isoglutamine (thr-MDP), N-acetyl-nor-muramyl-L-alanyl-D- 
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isoglutamine (CGP 1 1637, referred to as nor-MDP), N-acetylmuramyl-L-alanyl-D- 
isoglutaminyl-L-alanine^-O'^Kiipalmto^ 

ethylamine (CGP 1983 5 A, referred to as MTP-PE) and RIBI, which contains three 
components extracted from bacteria, monophosphoryl lipid A, trealose dimycolate and 
cell wall skeleton (MPL+TDM+CWS) in 2% squalene/Tween 80 emulsion. 

The compositions of the present invention can also include other medicinal 
agents, pharmaceutical agents, carriers, diluents, immunostimulatory cytokines, etc. 
Actual methods of preparing such dosage forms are known, or will be apparent, to those 
skilled in this art (84). 

It is contemplated that the above-described compositions of this invention can 
be administered to a subject or to a cell of a subject to impart a therapeutic benefit. 
Thus, the present invention further provides a method of producing an immune 
response in an immune cell of a subject, comprising contacting the cell with 1) a 
peptide having the amino acid sequence of SEQ ED NO:l; 2) an HCV core polypeptide 
having the amino acid sequence of SEQ ID NO:2; 3) an HCV core polypeptide 
comprising an L6 A substitution at amino acid position 139; 4) a fragment of the HCV 
core polypeptide having fewer amino acids than a complete HCV core polypeptide and 
comprising SEQ ID NO: 1; 5) a nucleic acid encoding any of the peptides or 
polypeptides of this invention and/or 6) a vector comprising any one of the nucleic 
acids of this invention. The cell can be in vivo or ex vivo and can be, but is not limited 
to a CD8+ T lymphocyte (e.g., a cytotoxic T lymphocyte) or an MHC I-expressing 
antigen presenting cell, such as a dendritic cell, a macrophage or a monocyte. 

The present invention additionally provides a method of producing an immune 
response in a subject by administering to the subject any of the compositions of this 
invention, including a composition comprising a pharmaceutically acceptable carrier 
and 1 ) a peptide having the amino acid sequence of SEQ ID NO: 1 ; 2) an HCV core 
polypeptide having the amino acid sequence of SEQ ED NO:2; 3) an HCV core 
polypeptide comprising an L6A substitution at amino acid position 139; 4) a fragment 
of the HCV core polypeptide having fewer amino acids than a complete HCV core 
polypeptide and comprising SEQ ID NO: 1; 5) a nucleic acid encoding any of the 
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peptides or polypeptides of this invention and/or 6) a vector comprising any one of the 
nucleic acids of this invention. The composition can further comprise a suitable 
adjuvant, as set forth herein. 

Detection of an immune response in the subject or in the cells of the subject can 
5 be carried out according to the methods set forth in the Examples provided herein, such 
as for detecting the presence of cytotoxic T cells activated by the peptides or 
polypeptides of this invention. 

In addition, the present invention provides a method of treating or preventing 
HCV infection in a subject comprising contacting an immune cell of the subject with 

10 any of the peptide, polypeptide, fragments, nucleic acids vectors and/or cells of this 
invention. The cell can be in vivo or ex vivo and can be a CD8 + T cell which is 
contacted with the peptide or polypeptide of this invention in the presence of a class I 
MHC molecule, which can be a soluble molecule or it can be present on the surface of 
a cell which expresses class I MHC molecules. The cell can also be an antigen 

1 5 presenting cell or other class I MHC-expressing cell which can be contacted with the 
nucleic acids and/or vectors of this invention under conditions whereby the nucleic acid 
or vector is introduced into the cell by standard methods for uptake of nucleic acid and 
vectors. The nucleic acid encoding the peptide or polypeptide of this invention is then 
expressed and the peptide or polypeptide product is processed within the antigen 

20 presenting cell or other MHC I-expressing cell and presented on the cell surface as an 
MHC I/antigen complex. The antigen presenting cell or other class I MHC-expressing 
cell is then contacted with an immune cell of the subject which binds the class I MHC 
/antigen complex and elicits an immune response which treats or prevents HCV 
infection in the subject. 

25 The present invention also provides a method of treating or preventing HCV 

infection in a subject, comprising administering to the subject any of the compositions 
of this invention, including a composition comprising a pharmaceutically acceptable 
carrier and 1) a peptide having the amino acid sequence of SEQ ID NO: 1 ; 2) an HCV 
core polypeptide having the amino acid sequence of SEQ ID NO:2; 3) an HCV core 

30 polypeptide comprising an L6A substitution at amino acid position 139; 4) a fragment 
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of the HCV core polypeptide having fewer amino acids than a complete HCV core 
polypeptide and comprising SEQ ED NO:l; 5) a nucleic acid encoding any of the 
peptides or polypeptides of this invention and/or 6) a vector comprising any one of the 
nucleic acids of this invention. 
5 As set forth above, it is contemplated that in the methods wherein the 

compositions of this invention are administered to a subject or to a cell of a subject, 
such methods can further comprise the step of administering a suitable adjuvant to the 
subject or to a cell of the subject. The adjuvant can be in the composition of this 
invention or the adjuvant can be in a separate composition comprising the suitable 

10 adjuvant and a pharmaceutically acceptable carrier. The adjuvant can be administered 
prior to, simultaneous with or after administration of the composition containing any of 
the peptides, polypeptides, nucleic acids and/or vectors of this invention. For example, 
QS-21, similar to alum, complete Freund=s adjuvant, SAF, etc., can be administered 
within hours (before or after) of administration of the peptide. The effectiveness of an 

1 5 adjuvant can be determined by measuring the immune response directed against the 
peptide or polypeptide of this invention with and without the adjuvant, using standard 
procedures, as described in the Examples herein. 

The subject of this invention can be any subject in need of the immune response 
of this invention and/or in need of treatment for or prevention from HCV infection. 

20 Symptoms of HCV infection can include low-grade fever, malaise and anorexia. 

Elevation of serum liver enzymes such as SGOT and SGPT is also typically found. The 
diagnosis of HCV infection can be made by detecting HCV antibodies in the subject=s 
serum. Confirmation of the diagnosis can be made by PCR assay of the subject=s 
blood for HCV RNA. It would also be well understood in the art that many subjects 

25 infected with HCV are asymptomatic. 

Common sources of infection can include blood transfusions, infected sexual 
partners and contaminated needles. Further, subjects vulnerable to blood-borne disease 
can be at risk for HCV infection. Thus, a subject for whom the methods of this 
invention would be indicated for preventing HCV infection can be a subject who has 

30 received a blood transfusion, has an infected sexual partner, shares contaminated 
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needles for intravenous drug abuse or has been accidentally stuck with a contaminated 
needle or exposed to HCV-contaminated tissues or body fluids (e.g., a health care 
worker). 

The peptides and polypeptides of this invention can be administered to a cell of 
5 a subject either in vivo or ex vivo. For administration to a cell of the subject in vivo, as 
well as for administration to the subject, the peptides and polypeptides of this invention 
can be administered orally, parenterally (e.g., intravenously), by intramuscular injection, 
by intraperitoneal injection, subcutaneous injection, transdermally, extracorporeally, 
topically or the like. Also, the peptide or polypeptide of this invention may be pulsed 
10 onto dendritic cells which are isolated or grown from patient cells, according to 

methods well known in the art, or onto bulk PBMC or various cell subfractions thereof 
from a patient. 

The exact amount of the peptide or polypeptide required will vary from subject 
to subject, depending on the species, age, weight and general condition of the subject, 

1 5 the particular peptide or polypeptide used, its mode of administration and the like. 
Thus, it is not possible to specify an exact amount for every peptide or polypeptide. 
However, an appropriate amount can be determined by one of ordinary skill in the art 
using only routine experimentation given the teachings herein (84). 

As an example, to a subject diagnosed with HCV infection or known to be at 

20 risk of being infected by HCV, between about 50-1000 nM and more preferably, 

between about 100-500 nM of a peptide and/or polypeptide of this invention can be 
administered subcutaneously and can be in an adjuvant, at one to three week intervals 
for approximately 12 weeks or until an evaluation of the subject's clinical parameters 
(symptoms, liver enzyme levels, HCV RNA levels) indicate that the subject is not 

25 infected by HCV. Alternatively, a peptide and/or polypeptide of this invention can be 
pulsed onto dendritic cells at a concentration of between about 10-IOOjjM and the 
dendritic cells can be administered to the subject intravenously at the same time 
intervals. The treatment can be continued or resumed if the subject's clinical 
parameters indicate that HCV infection is present and can be maintained until the 

30 infection is no longer detected by these parameters. 

20 



ATTORNEY DOCKET NO. 14014.0347U3 

If ex vivo methods are employed, cells or tissues can be removed and maintained 
outside the subject=s body according to standard protocols well known in the art. The 
peptides or polypeptides of this invention can be introduced into the cells via known 
mechanisms for uptake of peptides and polypeptides into cells (e.g., phagocytosis, 
5 pulsing onto class I MHC-expressing cells, liposomes, etc.). The cells can then be 
infused (e.g., in a pharmaceutically acceptable carrier) or transplanted back into the 
subject per standard methods for the cell or tissue type. Standard methods are known 
for transplantation or infusion of various cells into a subject. 

The nucleic acids and vectors of this invention can also be administered to a 

10 cell of the subject either in vivo or ex vivo. The cell can be any cell which can take up 
and express exogenous nucleic acid and produce the peptides and polypeptides of this 
invention. Thus, the peptides and polypeptides of this invention can be produced by a 
cell which secretes them, whereby the peptide or polypeptide is produced and secreted 
and then taken up and subsequently processed by an antigen presenting cell or other 

15 class I MKC -expressing cell and presented to the immune system for induction of an 
immune response. Alternatively, the peptides and polypeptides of this invention can be 
directly produced in an antigen presenting cell or other class I MHC-expressing cell in 
which the peptide or polypeptide can be produced and processed directly and presented 
to the immune system on the cell surface. 

20 The nucleic acids and vectors of this invention can be administered orally, 

parenterally (e.g., intravenously), by intramuscular injection, by intraperitoneal 
injection, transdermally, extracorporeally, topically or the like. In the methods 
described herein which include the administration and uptake of exogenous DNA into 
the cells of a subject (i.e., gene transduction or transfection), the nucleic acids of the 

25 present invention can be in the form of naked DNA or the nucleic acids can be in a 
vector for delivering the nucleic acids to the cells for expression of the peptides or 
polypeptides of this invention. The vector can be a commercially available preparation 
or can be constructed in the laboratory according to methods well known in the art. 
Delivery of the nucleic acid or vector to cells can be via a variety of 

30 mechanisms. As one example, delivery can be via a liposome, using commercially 

21 



ATTORNEY DOCKET NO. 14014.0347U3 



available liposome preparations such as LDPOFECTIN, LIPOFECTAMDNIE (GD3CO- 
BRL, Inc., Gaithersburg, MD), SUPERFECT (Qiagen, Inc. Hilden, Germany) and 
TRANSFECTAM (Promega Biotec, Inc., Madison, WT), as well as other liposomes 
developed according to procedures standard in the art. In addition, the nucleic acid or 
vector of this invention can be delivered in vivo by electroporation, the technology for 
which is available from Genetronics, Inc. (San Diego, CA) as well as by means of a 
SONOPORATION machine (ImaRx Pharmaceutical Corp., Tucson, AZ). 

As one example, vector delivery can be via a viral system, such as a retroviral 
vector system which can package a recombinant retroviral genome (see e.g.,70,71). The 
recombinant retrovirus can then be used to infect and thereby deliver to the infected 
cells nucleic acid encoding the peptide or, polypeptide. The exact method of 
introducing the exogenous nucleic acid into mammalian cells is, of course, not limited 
to the use of retroviral vectors. Other techniques are widely available for this procedure 
including the use of adenoviral vectors (72), adeno-associated viral (AAV) vectors (73), 
lenti viral vectors (74), pseudotyped retroviral vectors (75) and vaccinia viral vectors 
(85), as well as any other viral vectors now known or developed in the future. Physical 
transduction techniques can also be used, such as liposome delivery and receptor- 
mediated and other endocytosis mechanisms (see, for example, 76). This invention can 
be used in conjunction with any of these or other commonly used gene transfer 
methods. 

As one example, if the nucleic acid of this invention is delivered to the cells of a 
subject in an adenovirus vector, the dosage for administration of adenovirus to humans 
can range from about 10 7 to 10 9 plaque forming units (pfu) per injection, but can be as 
high as 10 12 pfu per injection (77,78). Ideally, a subject will receive a single injection. 
If additional injections are necessary, they can be repeated at six month intervals for an 
indefinite period and/or until the efficacy of the treatment has been established. As set 
forth herein, the efficacy of treatment can be determined by evaluating the clinical 
parameters described herein. 

The exact amount of the nucleic acid or vector required will vary from subject 
to subject, depending on the species, age, weight and general condition of the subject, 
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the particular nucleic acid or vector used, its mode of administration and the like. Thus, 
it is not possible to specify an exact amount for every nucleic acid or vector. However, 
an appropriate amount can be determined by one of ordinary skill in the art using only 
routine experimentation given the teachings herein (84). 

If ex vivo methods are employed, cells or tissues can be removed and maintained 
outside the body according to standard protocols well known in the art. The nucleic 
acids and vectors of this invention can be introduced into the cells via any gene transfer 
mechanism, such as, for example, virus-mediated gene delivery, calcium phosphate 
mediated gene delivery, electroporation, microinjection or proteoliposomes. The 
transduced cells can then be infused (e.g., in a pharmaceutically acceptable carrier) or 
transplanted back into the subject per standard methods for the cell or tissue type. 
Standard methods are known for transplantation or infusion of various cells into a 
subject. 

Parenteral administration of the peptides, polypeptides, nucleic acids and/or 
vectors of the present invention, if used, is generally characterized by injection. 
Jnjectables can be prepared in conventional forms, either as liquid solutions or 
suspensions, solid forms suitable for solution of suspension in liquid prior to injection, 
or as emulsions. As used herein, « parenteral administration" includes intradermal, 
subcutaneous, intramuscular, intraperitoneal, intravenous and intratracheal routes. A 
more recently revised approach for parenteral administration involves use of a slow 
release or sustained release system such that a constant dosage is maintained. See, e.g., 
U.S. Patent No. 3,610,795, which is incorporated by reference herein. 

The efficacy of treating or preventing HCV infection by the methods of the 
present invention can be determined by detecting a clinical improvement of the 
subject=s symptoms, as would be well known to one of skill in the art. Moreover, a 
decrease in the serum levels of liver enzymes such as SGOT and SGPT, as well as a 
decrease in viral RNA as determined by PCR assay can provide objective evidence of 
the efficacy of these methods. 

The present invention additionally provides a method of activating a cytotoxic T 
lymphocyte comprising contacting the lymphocyte with any of the peptides and/or 
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polypeptides of this invention in the presence of a class I MHC molecule. The class I 
MHC molecule can be produced in soluble form according to methods standard in the 
art or it can be on the surface of a cell which expresses class I MHC. The conditions 
under which the CTL are contacted with the peptides and/or polypeptides in the 
presence of the class I MHC molecule in order to activate the CTL are well known in 
the art and are described in the Examples provided herein. Examples of cells which 
express class I MHC molecules include, but are not limited to, dendritic cells, 
monocytes, macrophages, fibroblasts, B lymphocytes and T lymphocytes. Cytotoxic T 
lymphocyte cell lines can be obtained according to the methods set forth in the 
Examples provided herein. Activation of the CTL can be determined according to the 
methods set forth in the Examples provided herein. 

Thus, the present invention further provides a composition comprising cytotoxic 
T lymphocytes activated by contact with any of the peptides and/or polypeptides of this 
invention in the presence of a class I MHC molecule. It would be understood that the 
composition can comprise a population of PBMC which includes activated CTL or the 
composition can comprise a CTL line, as described in the Examples provided herein. 

It is further contemplated that the compositions of the present invention can be 
used in diagnostic and therapeutic applications. Thus, the present invention provides a 
method of detecting the presence of hepatitis C virus core polypeptide in a cell, 
comprising contacting the cell with the activated cytotoxic T lymphocytes of this 
invention under conditions whereby cytolysis of target cells can occur and detecting 
cytolysis of target cells, whereby the detection of cytolysis of target cells indicates the 
presence of hepatitis C virus core polypeptide in the cell. The cell can be any cell 
which can maintain infection by HCV and be recognized by the activated CTL of this 
invention. 

A method of detecting the presence of hepatitis C virus core polypeptide in a 
cell is also provided, comprising contacting the cell with the activated cytotoxic T 
lymphocytes of this invention under conditions whereby cytokine production in the 
lymphocytes can occur and detecting cytokine production in the lymphocytes, whereby 
the detection of cytokine production in the lymphocytes indicates the presence of 
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hepatitis C virus core polypeptide in the cell. The cell can be any cell which can 
maintain infection by HCV and be recognized by the activated CTL of this invention. 

Also provided herein is a method of detecting hepatitis C virus in a sample, 
comprising: a) contacting the sample with a cell which is susceptible to infection by 
5 hepatitis C virus under conditions whereby the cell can be infected by hepatitis C virus 
in the sample; b) contacting the cell of step (a) with the cytolytic T lymphocytes of this 
invention under conditions whereby cytolysis of target cells can occur; and c) detecting 
cytolysis of target cells, whereby the detection of cytolysis of target cells indicates the 
presence of hepatitis C virus in the sample. 

10 The sample of this invention can be any sample in which infectious HCV can be 

present. For example, the sample can be a sample removed from a subject, such as a 
body fluid, cells or tissue which can contain infectious HCV particles. 

Furthermore, the present invention provides a method of detecting hepatitis C 
virus in a sample comprising: a) contacting the sample with a cell which is susceptible 

15 to infection by hepatitis C virus under conditions whereby the cell can be infected by 
hepatitis C virus in the sample; b) contacting the cell of step (a) with the cytolytic T 
lymphocytes of this invention under conditions whereby cytokine production can occur 
in the lymphocytes; and c) detecting cytokine production in the lymphocytes, whereby 
the detection of cytokine production in the lymphocytes indicates the presence of 

20 hepatitis C virus in the sample. 

Additionally, the present invention provides a method of diagnosing hepatitis C 
virus infection in a subject comprising contacting cytotoxic T lymphocytes of the 
subject with any of the peptides or polypeptides of this invention in the presence of a 
class I MHC molecule under conditions whereby cytolysis of target cells can occur and 

25 detecting cytolysis of target cells, whereby the detection of cytolysis of target cells 
indicates a diagnosis of hepatitis C virus infection in the subject. 

A method of diagnosing hepatitis C virus infection in a subject is further 
provided, comprising contacting cytotoxic T lymphocytes of the subject with any of the 
peptides or polypeptides of this invention under conditions whereby cytokine 

30 production in the CTL can occur and detecting cytokine production in the CTL, 
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whereby the detection of cytokine production in the CTL indicates a diagnosis of 
hepatitis C virus infection in the subject. 

Cytotoxic T lymphocytes can be obtained from the subject as described in the 
Examples set forth herein. The subject of this invention can be any animal which is 
susceptible to infection by HCV. For example, the subject can be a chimpanzee and in 
a preferred embodiment, the subject is a human. 

The present invention also provides a method of determining a viral load of 
hepatitis C virus in a subject comprising: a) serially diluting a biological sample from 
the subject which contains hepatitis C virus; b) contacting each serially diluted sample 
with a cell which is susceptible to infection by hepatitis C virus under conditions 
whereby the cell can be infected by hepatitis C virus in the sample; c) contacting the 
cell of step (b) with the cytolytic T lymphocytes of this invention under conditions 
whereby cytokine production can occur in the CTL; d) measuring the amount of 
cytokine production in the CTL; e) comparing the amount of cytokine production in the 
CTL of step (c) with the amount of cytokine production in activated CTL contacted 
with cells infected with serially diluted control samples containing a known amount of 
hepatitis C virus; and f) determining the viral load of hepatitis C virus in the subject 
from the comparison of step (e). 

An additional method is provided, of determining a viral load of hepatitis C 
virus in a subject comprising: a) serially diluting a biological sample from the subject 
which contains hepatitis C virus; b) contacting each serially diluted sample with a cell 
which is susceptible to infection by hepatitis C virus under conditions whereby the cell 
can be infected by hepatitis C virus in the sample; c) contacting the cell of step (b) with 
the cytolytic T lymphocytes of this invention under conditions whereby cytolysis of 
target cells can occur; d) measuring the amount of cytolysis of target cells; e) comparing 
the amount of cytolysis of target cells of step (d) with the amount of cytolysis of target 
cells by activated cytotoxic T lymphocytes contacted with cells infected with serially 
diluted control samples containing a known amount of hepatitis C virus; and f) 
determining the viral load of hepatitis C virus in the subject from the comparison of 
step (e). 
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It is also contemplated that the viral load of HCV in a subject can be determined 
by a) contacting HCV-infected cells (e.g., liver cells, PBMC) with the cytolytic T 
lymphocytes of this invention; b) measuring the amount of cytolysis of target cells or 
cytokine production in the CTL; c) comparing the amount of cytolysis of target cells or 
5 cytokine production in the CTL of step (b) with the amount of cytolysis of target cells 
or cytokine production in activated CTL contacted with cells infected with serially 
diluted control samples containing a known amount of hepatitis C virus; and d) 
determining the viral load of hepatitis C virus in the subject from the comparison of 
step (c). 

10 The sample from the subject used in the methods of this invention can be any 

sample which can contain infectious HCV, including, but not limited to, serum, plasma, 
liver tissue and PBMC. 

On the basis of the information provided by the above methods, a calculation of 
HCV viral load in a subject can be carried out according to methods standard in the art 

1 5 for determining viral load (88). 

^Finally, the present invention alsp provides a method of determining the 
prognosis of a subject diagnosed with hepatitis C virus infection, comprising 
determining a viral load for the subject according to the methods of this invention, 
whereby a high viral load can indicate a poor prognosis and a low viral load can 

20 indicate a good prognosis. 

A value of HCV viral load which would be a "high" viral load of HCV and a 
correlation with a high viral load with a subjects prognosis can be determined 
according to methods well known in the art. For example, a high viral load as 
determined according to the methods of this invention can identify a subject who is in 

25 or likely to progress to an advanced stage of disease, as well as to provide a predictive 
indicator of a subject=s response to treatment, such as interferon therapy (88,89,90). 

For the methods of this invention wherein cytolysis of target cells is detected, 
detection of the cytolysis of target cells can be according to any method for detection of 
cytolysis of target cells now known or later developed. For example, the production of 

30 51 Cr-labeled target cells and an assay whereby cytolysis of target cells can be detected 
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by release of 5I Cr release from a target cell, are described in the Examples provided 
herein. Other methods for detecting cytolysis can also be used in these methods, such 
as release of Europium or various dyes from appropriately labeled target cells, uptake of 
dyes into cells or detection of apoptosis of target cells, according to methods standard in 
the art. 

For the methods of this invention wherein the production of a cytokine in an 
activated cytolytic T lymphocyte is detected, the cytokine can be, but is not limited to, 
interleukin-2, interferon-y, granulocyte/macrophage colony stimulating factor, 
interleukin-10, interleukin-4, interleukin-5 and/or interleukin-3. Detection of cytokine 
production can be by any method now known in the art, such as by commercially 
available assay or by any other method later identified for detecting the presence of a 
cytokine (86). 

The present invention is more particularly described in the following examples 
which are intended as illustrative only since numerous modifications and variations 
therein will be apparent to those skilled in the art. 

EXAMPLES 

Synthetic peptides. Peptides were prepared in an automated multiple peptide 
synthesizer (Symphony; Protein Technologies, Inc.) using Fmoc chemistry. Peptides 
were purified by reverse phase HPLC and the amino acid sequence of each of the 
peptides was confirmed with an Applied Biosystems 477A automated sequencer. 

Cells. The T2 cell line is deficient in TAP1 and TAP2 transporter proteins and 
expresses low levels of HLA-A2.1 (50,51). The human B-lymphoblastoid cell line 
HMYC1R was transfected with HLA-A2.1 (C1R.A2.1). Cell line C1R.AAD 
(HMYC1R transfected with the HLA chimeric molecule containing ocl and ct2 domains 

from human HLA-A2.1 and ot3 from mouse H-2D^) has been previously described 

(48). Cell lines were maintained in complete T-cell medium (CTM; 1:1 mixture of 
RPMLEHAA (Life Technologies; Grand Island, NY) containing 10% fetal bovine 
serum (FBS), 4 mM glutamine, 100 U/ml penicillin, 100 Og/ml streptomycin and 50 
OM 2-mercaptoethanol). 
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Human subjects. Peripheral blood mononuclear cells (PBMC) were isolated 
from a patient with chronic HCV infection. The patient had anti HCV-specific 
antibodies as detected with a commercially available assay (Ortho Diagnostics, Raritan, 
NJ) and was HCV RNA positive by PCR. 
5 Mice. Transgenic A2Kb mice (Scripps Research Last.) and transgenic AAD 

mice (University of Virginia) were bred in the colony at BioCon Inc. (Rockville, MD). 
These animals have been previously described (48,52) and they express al and a2 

domains from human HLA-A2. 1 molecule and oc3 domain from mouse H-2K and H- 
d 

2D molecules, respectively. 

10 Binding Assays. Peptide binding to HLA molecules was measured using the T2 

mutant cell line according to a protocol previously described (53). T2 cells (3 x 
5 

10 /well) were incubated overnight in 96-well plates with culture medium (1:1 mixture 

of RPMI 1640: EHAA containing 2.5% FBS, 100 U/ml penicillin, 100 Og/ml 
. streptomycin) with 10 Og/ml (32-microglobulin (Sigma Chemical Co; St. Louis, MO) 

1 5 and different peptide concentrations. The next day, cells were washed twice with cold 
PBS containing 2% FBS and incubated for 30 min at 4 EC with anti HLA-A2.1 BB7.2 
monoclonal antibody (1/80 dilution from hybridoma supernatant) and 5 Og/ml FITC- 
labeled goat anti mouse Ig (Pharmingen; San Diego, CA). Cells were washed twice 
after each incubation and HLA-A2.1 expression was measured by flow cytometry on a 

20 FACScan (Becton Dickinson). HLA-A2.1 expression was quantified as fluorescence 
index (FI) according to the formula: FI = (mean fluorescence with peptide - mean 
fluorescence without peptide)/ mean fluorescence without peptide. Background 
fluorescence without BB7.2 antibody was subtracted for each individual value. In order 
to compare the different peptides, FI0.5, the peptide concentration that increases HLA- 

25 A2.1 expression by 50% over no peptide control background, was calculated from the 
titration curve for each peptide. 

Generation of human CTL. Cytotoxic T lymphocytes (CTL) lines were 
generated according to the protocol previously described (12,14). PBMC from a patient 
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chronically infected with HCV were separated by Ficoll-Hypaque and 10 6 cells were 
stimulated in 400 c£l CTM in 48-well plates with 2 xlO 6 autologous cells pulsed 
previously for 3 h with 10 <DM peptide in CTM. After 3 days, the same volume of CTM 
with IL-2 (10% voL/vol.) was added to each well and the cells were further expanded 
on day six with CTM containing EL-2. This cycle was repeated every ten days. For the 
first three cycles, 2 x 10 6 peptide-pulsed, irradiated (3000 rads) autologous PBMC were 
used as antigen presenting cells (APC) and in subsequent cycles, CTL were stimulated 
with 3 x 10 5 peptide-pulsed, irradiated (3000 rads) autologous Con A blasts and 1.5 x 
10 6 irradiated allogeneic PBMC. Con A blasts were obtained by stimulating PBMC 
with 10 Og/ml Concanavalin A and expanding with CTM containing 50 U/ml IL-2 and 
1 U/ml IL-6. Con A blasts were stimulated with Con A every 8-10 days. The 
stimulation of PBMC with peptide results in the expansion of peptide antigen-specific 
CTL, while non-specific cells that are not stimulated die out, resulting in a CTL line 
that is specific for the peptide. This enrichment, resulting in an essentially homogenous 
population of peptide antigen-specific CTL occurs after about 3-5 cycles of stimulation. 
Using this procedure, a CTL line, ViT2, was raised from a patient with chronic, active 
HCV infection. 

Generation of mouse CTL. Eight to twelve week old mice were immunized 
subcutaneously (s.c.) in the base of the tail with 100 Ol of an emulsion containing 1 : 1 
incomplete Freund's adjuvant (IF A) and PBS solution with peptides (antigens) and 
cytokines (50 nmol CTL epitope, 50 nmol HBV core (aa) 128-140 helper epitope, 3 <Dg 
IL-12 and 3 Og GM-CSF) (54). Mice were boosted 2 weeks later and spleens removed 
10-14 days after the boost. Immune spleen cells (2.5 x 10 6 / well) were stimulated in 24- 
well plates with autologous spleen cells (5 x 10 6 /well) pulsed for 2 h with 10 <t>M CTL 
epitope peptide in CTM with 10% T-STIM (Collaborative Biomedical Products, 
Bedford, MA). After further in vitro stimulation with peptide-pulsed, syngeneic spleen 
cells, CTL lines were produced and maintained by weekly restimulation of 10 6 
CTL/well with 2 x 10 5 peptide-pulsed, irradiated (10,000 rads) C1R.AAD cells and 4 x 
10 6 C57/B16 irradiated (3000 rads) spleen cells as feeders. 
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Cytotoxicity assay. CTL activity was measured using a 4 h assay with 51 Cr- 
labeled target cells. Target cells (10 6 ) were pulsed in 100 Ol CTM with or without 10 
OM peptide and 150 OCi 5I Cr for 2 h, washed three times and added to the plates 
containing different amounts of CTL (effector) cells in a final volume of 200 Ol CTM. 
5 In peptide titration assays, target cells were pulsed with 51 Cr for 2 h, washed three times 
and added to the plates with different peptide concentrations. Effector cells were added 
2 h later and the supematants were harvested and counted after an additional 4 h 
incubation. The percentage of specific 51 Cr release was calculated as: 100 x 
(experimental release - spontaneous release)/(maximum release - spontaneous release). 

10 Spontaneous release was determined from target cells incubated without effector cells 
and maximum release was determined in the presence of 5% Triton X-100. C1R.A2.1 
and C1R.AAD lines and AAD and A2Kb Con A blasts were used as target cells. Con A 
blasts were prepared by culturing 3 x 10 6 spleen cells in 2 ml of CTM in the presence of 
2 Og/ml of Con A in 24-well culture plates. After 2 days, cells were harvested and 

1 5 processed for labeling as described. 

: . C7A2 Ala-substituted peptides binding to HLA-A2. 1 molecules. . The binding 

affinity of wild-type C7A2 peptide (C7A2-WT) was evaluated with a T2 binding assay 
(53), which measures the cell surface stabilization of HLA-A2.1 molecules after 
incubation with peptide. In order to compare the different peptides, a fluorescence 

20 index value of 0.5 (Flo s), the peptide concentration that increases HLA-A2.1 expression 
by 50%, was chosen as a way to compare titrations of the peptides and relative affinity 
for MHC molecules. Using this method, Flo s of 10 OM was calculated for C7A2-WT. 

In a first set of experiments to define key functional residues, peptides with 
alanine substitutions at each one of the positions were synthesized and tested in binding 

25 assays (Table I). C7A2-WT has the typical motif for binding to HLA-A2. 1 , with L and 
V at positions 2 and 9 respectively (22,23). Binding experiments with these alanine- 
substituted peptides showed (Fig. 1 A) that peptide 2 A had lost binding ability, in 
accordance with the anchor character of this position, and also 9A had impaired 
binding, although not as much as 2A, since Ala can function as a weak anchor at 

30 position 9. Other substitutions that decreased binding were 6A and 7A, indicating the 
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importance of these residues as secondary anchor positions. Peptides 4A and 8A had 
higher affinity, with FI0.5 around 2 OM. Substitutions at positions 1, 3 and 5 had no 
effect on peptide binding. 

Binding of peptides with substitutions at position L C7A2-WT has aspartic 
acid, a negatively charged residue, in position 1 (28). Substitution by Ala at this 
position, although replacing the charged residue, did not improve binding, so the 
original D was replaced by other residues. Peptides with aromatic amino acids at this 
position (F and H), as well as N (which eliminates the negative charge but keeps the 
size), or S and T, small polar amino acids which can form hydrogen bonds, were 
synthesized. 

Peptides IN, 1H and IT had improved binding affinity, whereas IF had a FI0.5 
higher than C7A2-WT, indicating lower affinity. Solubility problems with IF may 
account for impaired binding ability in this case. 

Binding of peptides with substitutions at other positions. Substitution by A at 
position 7 yielded a peptide with impaired binding ability. The natural amino acid at 
this position is P, which is known to induce turns in peptide chains. In order to 
determine whether the A replacement changed the structure of the peptide chain or 
eliminated the side chain responsible for interaction with HLA-A2.1, 7G was 
synthesized, thereby introducing an amino acid that also contributes to P turns as does 
P, but lacks the side chain. 7V was also synthesized, with an aliphatic side chain bulkier 
than A. None of these peptides bound to HLA-A2.1 (Fig. IB), demonstrating a specific 
role of the P side chain in the binding to HLA-A2.1. 

Position 3 was replaced by W and by K, L, I and V, which are charged and 
aliphatic residues. Binding was improved with 3W (Fig. IB), but it was completely 
abolished in 3K. Peptide 3 V had impaired binding, whereas 3L and 31 were similar to 
C7A2-WT. 

Replacement of position 8L with a V introduced an aliphatic residue similar to 
A and L (amino acid present in C7A2-WT), but with an intermediate size between 
them. Peptide 8V is one of the few sequence variations that can be found within this 
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epitope and is common in viral isolates belonging to HCV genotypes 2a and 2b (56,57). 
Peptide 8V had an FI0.5 of 15 OM, which was in the range of C7A2-WT. 

Recognition of C7A2 -variant peptides by human CTL. To identify residues 
involved in CTL recognition, a CTL line specific for C7A2 was established as 
5 described herein from PBMC from an HCV infected patient after several rounds of 
C7A2-WT peptide stimulation. Lytic activity of these CTL was tested with target cells 
incubated with different concentrations of each peptides to study the recognition of the 
different peptide variants and titrate T-cell avidity. The Ala-substituted peptides, 2 A 
and 9 A were not recognized (Fig 2 A), in accordance with the anchor character of these 

10 positions. Also, 3 A was not recognized, despite good HLA-A2.1 binding, indicating the 
epitopic character of this position. Peptides 4A, 5A, 6A and 7A, although recognized at 
the highest concentrations, showed poorer recognition than C7A2-WT, as a 
consequence in some cases, of poorer MHC binding (6A and 7A), or otherwise of 
impaired T-cell recognition (4 A and 5A). Peptides 1 A and 8 A showed higher levels of 

15 lysis than C7A2-WT and titrated at 10-fold lower concentrations. 

Of the non-Ala substituted peptides (Fig. 2B), none was recognized by the CTL 
at the concentrations tested (including those having high binding affinity, such as IN or 
IT), with the exception of 8V, which behaved similarly to C7A2-WT, and 1H, that 
induced marginal lysis at the highest concentration tested. 

20 Recognition of C7A2 -variant peptides by HLA-A2.1 transgenic mice CTL. 

AAD transgenic mice express ccl and oc2 domains from the human HLA-A2.1 molecule 
and ot3 domain from the mouse D d molecule (48). Transgenic mice expressing human 
HLA-A2.1 molecules have been described as a model of presentation and recognition 
of several HLA-A2.1 -restricted antigens (9,37,47,58-60) and allow testing of 

25 immunogenicity in the context of a human HLA molecule prior to immunizing humans. 
In order to use the peptide antigens in this model, recognition of the different C7A2 
peptide variants by murine CTL in vitro was studied prior to testing the 
immunogenicity of the different peptides in vivo. 

CTL lines AAD. 10 and AAD.l were induced by immunization with peptide 

30 C7A2-WT together with a helper epitope presented by the H-2 b class II MHC molecules 
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of this mouse strain and GM-CSF and IL-12 according to the method of Ahlers et al. 
(54) and as described herein. After ten to twelve in vitro stimulations with C7A2-WT, 
these cell lines were tested against the whole panel of C7A2-substituted peptides in a 
lytic assay to compare the recognition of the different peptides with that by the human 
5 CTL line. 

Of the Ala-substituted peptides (Figs 3 A and 3C), 1 A and 8 A were able to 
sensitize target cells in a concentration range around that of C7A2-WT, 1 A being more 
effective than 8A for both lines. The other peptides titrated at several 10-fold 
concentrations higher. Peptides 5 A, 7A and 2A required the highest concentrations to 

10 induce significant lysis, whereas 3 A, 6 A, 4A and 9 A titrated at intermediate 

concentrations. Position 5 was clearly shown to be an epitopic residue and almost no 
significant lysis was obtained with target cells sensitized with peptide 5 A, as it had 
been observed for position 3 in the human CTL line. Peptide 3 A titrated at a lower 
concentration, suggesting that in the case of the murine HLA-A2.1 -restricted CTL lines, 

15 position 3 is not involved in TCR binding as clearly as in the human line. Finally, 

peptides with substitutions at positions 4 and 6 were recognized as in the case of the 
human CTL line. 

Peptides with substitutions by other amino acids and positive binding to HLA- 
A2.1 were also tested for recognition by AAD mouse CTL lines (Figs. 3B and 3D). 

20 These peptides contained mainly substitutions at position 1, except for peptides 8 V and 
3W. Surprisingly, with the exception of IS, that required a high peptide concentration 
to sensitize target cells, all the peptides with substitutions at position 1 were recognized 
by AAD mouse CTL lines in a concentration range similar to that observed for C7A2- 
WT and some peptides, such as IF, induced a higher response with line AAD. 10. 

25 Peptide 8V was recognized at higher concentrations than determined for C7A2-WT, 
whereas peptide 3W was not recognized at any of the concentrations tested. 

In vivo immunogenicity of C7A2-derived peptides in HLA-A2.1 transgenic mice. 
After studying the recognition of C7A2-derived peptides by human and AAD 
transgenic murine CTL, the in vivo immunogenicity of these peptides was studied in the 

30 AAD transgenic mouse model. Different groups of animals were immunized with the 

34 



ATTORNEY DOCKET NO. 14014.0347U3 



substituted CTL peptides (epitopes) in conjunction with a helper epitope and cytokines 
as described above and the ability to induce an immune response was tested in CTL 
cytotoxicity assays. Included in these assays were some of the peptides with positive 
binding that were recognized by AAD mouse CTL lines. As shown in Fig. 4, peptides 
C7A2-WT and 8 A were able to induce clear CTL responses, whereas 1 A could induce 
only a marginal response. In contrast, peptides IN and IF were unable to induce any 
measurable CTL response. 

Induction of CTL immune response against C7A2-WT by C7A2-WT and 8 A 
peptides in HLA-A2J transgenic mice. Among all the peptides tested in binding assays 
to HLA-A2.1 and for recognition by human and transgenic mice CTL, peptide 8A was 
the most promising. This peptide was able to bind at lower concentrations than C7A2- 
WT, sensitized human and mouse target cells in the same range or even at lower 
concentrations than C7A2-WT. and in immunization experiments, induced higher levels 
of lysis. Therefore, the ability of 8A to induce a CTL immune response against C7A2- 
WT was tested in the next set of experiments. 

Each peptide was used to immunize two groups of animals, with 50 or 1 5 nmol 
CTL epitope peptide as described herein. After two immunizations, spleen cells were 
removed and stimulated in vitro with the same peptide used for immunization and lytic 
activity against C7A2-WT (and 8 A in the groups immunized with 8 A) was tested. As 
shown in Fig. 5, two of the four animals immunized with C7A2-WT were able to 
respond to this peptide. In the animals immunized with 8 A, strong responses to C7A2- 
WT could be detected, together with positive responses to 8 A itself, even in the group 
of mice immunized with 15 nmol peptide (Fig. 5B). 

In a second group of experiments, A2Kb transgenic mice, that express a 
chimeric HLA molecule with ocl and a2 domains from human HLA-A2.1 and ot3 
domain from mouse K b , were immunized with 50 nmol C7A2-WT or 8A peptide and 
the ability of these peptides to induce a CTL immune response recognizing C7A2-WT 
was tested. Fig. 6 shows that, as seen with the AAD mice, C7A2-WT induced a low 
response, whereas the immunization with 8A induced a higher level of response by 
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CTL that recognized both C7A2-WT and 8A, even with a lower E/T ratio in the CTL 
assay (70:1 vs. 120:1). 

CTL avidity for a target peptide-MHC complex, defined as the sensitivity to 
detect low densities of peptide-MHC complex on the surface of target or stimulator 
5 cells, has been shown to make a substantial difference in the ability of CTL to clear a 
virus infection in vivo, in two murine model systems (61,62). Therefore, to determine 
whether the CTL raised against the modified peptide 8A were of as high avidity against 
targets presenting the wild-type peptide as would be CTL raised against the wild-type 
peptide itself, C7A2-WT was titrated on target cells and the (lysis) killing by short term 

10 CTL lines (which received 3-4 cycles of in vitro stimulation with peptide) raised against 
this peptide or against 8A was compared (Fig. 7). The CTL raised against 8A killed 
targets expressing the C7A2-WT at concentrations more than 100-fold lower than were 
required to get comparable levels of killing by the CTL raised against the C7A2-WT 
itself. Thus, use of the modified peptide in this case increases not only 

15 iminunogenicity, but also the avidity of the CTL that are produced, an additional 

: advantage for the potential efficacy of a vaccine. 

Recognition of peptide 8Vby CTL from HLA-A2. 1 transgenic mice immunized 
with 8A. As mentioned above, one of the peptides recognized by both human and 
mouse C7A2-WT specific CTL lines is peptide 8V. This peptide is common in viral 

20 isolates from HCV genotypes 2a and 2b (56,57). Since 8A has a change in the same 

position, it was an interesting point to know if CTL induced by immunization with 8A 
were cross reactive not only with C7A2-WT, which corresponds to viral sequences 
from genotypes la, lb and 3a, but also with peptide 8V, belonging to viral sequences 
from genotype 2. Results in Figs. 8A and 8B show that CTL induced by immunization 

25 with 8A recognize peptide 8V both in AAD mice (Fig. 8A) and in A2Kb mice (Fig. 8B) 
in a manner similar to the recognition of C7A2-WT. 

Enhanced epitope C7A2-8A in DNA vaccine against HCV. To produce a DNA 
vaccine encoding the enhanced epitope of this invention, a DNA plasmid vaccine 
expressing HCV core protein was first prepared. The vector AC7, encoding the entire 

30 nucleocapsid (core) region of HCV H (la) strain (91) (amino acids 1-191) was 
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constructed. The sequence was amplified by polymerase chain reaction (PCR) and 
inserted into the Hind IQ and Bam HI sites of the eukaryotic expression vector 
pWRG7020 under the transcriptional control of the cytomegalovirus early promoter. 
(Agracetus Inc., Middleton, WI). Direct sequencing of the insert DNA using the 
5 fluorescent dye terminator cycle method on an ABI 310 automated sequencer (Applied 
Biosystems, Forester City, CA) showed the expected sequence in frame. Plasmid AC7 
was amplified in Escherichia coli, purified using Quiagen purification kit (Quiagen 
Inc., Chatsworth, CA), and maintained at -20° C until use. 

Transient expression of HCV core protein in cell culture was confirmed in 

10 human 293 cells, as previously described (92). Briefly, the plasmid was transfected into 
293 cells using lipofectamine (GIBCO/BRL) and protein expression was analyzed by 
indirect immunofluorescence staining and immunoblotting using a specific mouse 
monoclonal antibody recognizing HCV core (6G7; Stanford University, Palo Alto VA 
Medical Center, Palo Alto, CA; ref 93). For immunization, AC7 was precipitated with 

15 3M sodium acetate and ethanol and redissolved in phosphate buffered saline (PBS). 

A variant of this plasmid was then constructed with the substitution of an Ala 
codon for a Leu codon at amino acid residue position 8 of the epitope C7A2. The 
codon at nucleotides 756-758 in the core of the HCV genome region was changed from 
CTC (Leu) to GCG (Ala) by PCR amplification. Forward (8AF: 

20 TCATGGGGTACATACCGGCGGTC nt. 739-761) (SEQ ID NO:5) and reverse (8AR: 
TCCAAGAGGGGCGCCGACCGCCG nt. 776-754) (SEQ ID NO:6) primers were 
synthesized containing the 8A sequence at this location. Two overlapping PCR 
products were generated using primers 243F (AAGACTGCTAGCCGAGTAGTG 
nt.243-263) (SEQ ID NO:7) and 8AR or 8AF and 980R 

25 (CACAATACTCGAGTTAGGGC nt.980-96 1) (SEQ ID NO:8). Following gel 

isolation of the PCR products, an assembly PCR was carried out using 100 ng of each 
of the fragments and primers to generate the full length core sequence with Hind in and 
Not I restriction sites engineered at the 5' and 3 1 ends, respectively. This product was 
cloned into the vector WRG7020 and the sequence verified by the fluorescent dye 

30 terminator cycle method as described above. 

37 



ATTORNEY DOCKET NO. 14014.0347U3 



AAD mice, transgenic for the human HLA molecule HLA-A2.1 with the alpha- 
3 domain from H-2D d were immunized i.m. in the quadriceps major on days 0, 14, and 
28 with lOO, 30, or 10 jug doses of AC7 or AC7-8A, or 100 jag pWRG7020 (plasmid 
without the HCV core gene insert, as control mock vaccine) dissolved in PBS solution. 
Four weeks after the last immunization, spleen cells from AC7-immunized mice were 
stimulated in vitro with C7A2 peptide and those from AC7-8A-immunized mice were 
stimulated in vitro with C7A2-8A peptide, and all were assayed for CTL activity 
against C1R-AAD targets coated with the C7A2 peptide. The C1R-AAD cells express 
only the chimeric HLA-A2. 1 class I molecule and no class II MHC molecules, so the 
CTL activity was restricted to class I HLA-A2. 1 . As shown in Fig. 9, at the 30 jag dose, 
all three mice immunized with the AC7-8 A DNA vaccine had substantially higher CTL 
activity than the three mice immunized with the unmodified AC7 DNA vaccine. The 
same effect was seen at the 100 and 10 p.g doses, but the magnitude of the difference 
was less. 

To test efficacy for clearing a viral infection, AAD mice, transgenic for the 
human HLA-A2. 1 molecule with the alpha-3 domain of H-2D d to be compatible with 
murine CD8, were infected with a recombinant vaccinia virus expressing the entire 
HCV core protein. This core protein gene did not contain the 8A modification, but 
rather was representative of the wild-type HCV. The vaccinia virus preferentially 
replicates in the ovaries and the titer of vaccinia in the ovaries (pfli/ovary) was used as a 
measure of the ability of the vaccine to reduce the level of viral infection. Mice were 
immunized on days 0, 14, and 28, as above, and two weeks after the last immunization, 
the mice were challenged intraperitoneally with 1 x 10 7 pfu of rW-core (recombinant 
vaccinia virus expressing HCV core). Mice were sacrificed for harvest of ovaries 5 
days after challenge. Some mice were treated 7, 6, 5, and 4 days before sacrifice with 
0.5 mg anti-CD8 antibody intraperitoneally in order to determine the dependence of 
protection on CD8 + cells. The ovaries (where this vaccinia virus preferentially 
replicates; 61,95) were harvested, homogenized, sonicated, and assayed for rW-core 
titer by plating 10-fold dilutions on BSC-1 indicator cells, and staining with 0.075 w/v 
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% crystal violet. The minimal detectable level of virus was 100 pfu / ovary. Three mice 
were used in each group. 

As shown in Table I, at the optimal 30 jig dose of vaccine, AC7 unmodified 
core vaccine reduced the titers not quite 5 logs, compared to the control mice 
5 immunized with mock vaccine (mice #1-3, with titers of 3-4 x 10 3 , compared to mice 
#13-15, with titers of 1.6-2.8 x 10 8 ). However, mice #7-9, immunized with the 
modified DNA vaccine AC7-8A, had titers reduced to undetectable levels. With both 
DNA vaccines, treatment of the mice with anti-CD8 antibody completely abrogated 
protection (mice #4-6 and #10-12), indicating that the protection was completely 

10 dependent on CD8 + cells (CTL). Thus, the modified HCV-core DNA vaccine with the 
8A-modified epitope is more effective than the wild-type HCV-core DNA vaccine in 
inducing CD8 + CTL restricted to the human HLA-A2 molecule and in inducing CD8 + 
protection against a surrogate virus expressing the HCV core protein. 
Although the present process has been described with reference to specific details of 

15 certain embodiments thereof, it is not intended that such details should be regarded as 
. limitations upon the scope of the invention except as and to the extent that they are . 
included in the accompanying claims. 

Throughout this application, various publications are referenced. The 
disclosures of these publications in their entireties are hereby incorporated by reference 

20 into this application in order to more fully describe the state of the art to which this 
invention pertains. 
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